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Left atrial strainAbstract Background: The left atrium (LA) plays an important role in left ventricular (LV) func-
tion, we investigated the LA myocardial deformation characteristics in patients presenting with
acute ST segment elevation myocardial infarction (STEMI).
Methods: Forty STEMI patients (aged 54.78 ± 6.7, 92.5% men) and twenty healthy matched con-
trol (aged 50.7 ± 7.4 years, 90% men) were included. All patients had conventional echocardiogra-
phy and tissue Doppler imaging (TDI), with measurement of LA volumes (LA maximum volume
index, LA minimum volume index, and LA reservoir volume index), the early transmitral inflow
velocity (E) to early diastolic mitral annular velocity (Ea) ratio, and the LA global longitudinal
strain and strain rate were also measured using TDI, and the following parameters were measured:
the global [peak systolic strain (PSS), peak systolic strain rate (PSSR), early diastolic strain rate
(ESR), and late diastolic strain rate (ASR)].
Results: All the measured LA volumes were significantly increased in patients compared to control.
The LA global longitudinal strain (%) and strain rate (S1) parameters were significantly reduced in
patients compared to control, the PSS (11.69 ± 4.25 vs 22.43 ± 3.74, p= 0.0001), the PSSR (1.04
± 0.37 vs 1.81 ± 0.28, p= 0.0001), the ESR (0.84 ± 0.44 vs 1.98 ± 0.60, p= 0.0001), and the
ASR (1.43 ± 0.29 vs 1.62 ± 0.37, p= 0.034), and we found that the global PSS had a signifi-
cant negative correlation to E/Ea (r= 0.457, P= 0.0001) and significant positive correlation to
left ventricular ejection fraction (r= 0.338, P= 0.033) in patients with STEMI.
Conclusion: Our study concluded that the LA reservoir, conduit and booster pump functions
studied by TDI strain were reduced in STEMI patients, and the global peak systolic strain was
significantly correlated with the LV systolic and diastolic dysfunction.
 2016 Egyptian Society of Cardiology. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).surface
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182 G. Magdy et al.1. Introduction
Acute myocardial infarction (MI) results in left ventricular
(LV) both systolic and diastolic dysfunction in survivors; dias-
tolic function can be evaluated with several noninvasive and
invasive techniques, the combination of early mitral inflow
peak velocity (E), tissue Doppler measured early diastolic
velocity (Ea) and E/Ea ratio are sensitive and widely used
parameters to estimate diastolic dysfunction and LV filling
pressures.1 LA function is a surrogate marker of LV diastolic
dysfunction.2 LA function has been conventionally divided
into three phases: first, as a reservoir, the LA stores pulmonary
venous return during LV contraction and isovolumetric relax-
ation, secondly, as a conduit, the LA transfers blood passively
into the LV, and the third phase is the booster pump phase
where the LA actively contracts during the final phase of dias-
tole and contributes between 15% and 30% of LV stroke
volume.3 Traditionally, assessment of LA function has been
performed by measuring LA size or volume by conventional
echocardiography.4,5 Currently, a method known as strain
imaging is used for the quantitative assessment of myocardial
deformation.6 In the present study, we investigated the LA
deformation characteristics in patients with ST elevation
myocardial infarction (STEMI).
2. Methods
2.1. Study population
We included 40 patients presented with STEMI, which was
defined as typical chest pain lasting more than thirty minutes
along with persistent ST segment elevation more than 1 mm
in at least 2 consecutive electrocardiographic leads,7 and we
excluded patients with previous myocardial infarction, previ-
ous coronary artery bypass graft (CABG), previous percuta-
neous coronary intervention (PCI), moderate to severe
valvular disease, non sinus rhythm, left bundle branch block,
diabetes mellitus, hypertension, and more than 70 years old
patients. In addition, 20 healthy age and gender matched sub-
jects were included as a control group in the study.
2.2. Methods
An informed consent was obtained from all patients and con-
trol group. And the study was approved by the ethical
committee.
2.2.1. Clinical evaluation
All the patients and control were subjected to full history tak-
ing, including cardiovascular disease risk factors, and the
reperfusion received whether thrombolytic therapy or primary
PCI, also were subjected to full clinical examination including
the Killip class, measurement of weight and height to calculate
the body mass index (BMI). The BMI was calculated by the
formula: BMI = weight in kilograms/(height in meters).2
Electrocardiography (ECG) to all patients.
2.2.2. Laboratory investigation
Cardiac troponin I and creatine kinase subunit (CK-MB) were
measured in all patients.2.2.3. Coronary angiography
Coronary angiography was done to all patients to assess the
culprit lesion.2.2.4. Conventional echocardiography and tissue Doppler
imaging (TDI)8
Echocardiography was performed to all patients after receiv-
ing their reperfusion strategy, within 24 h from admission,
the recordings were obtained in the left lateral decubitus posi-
tion using (HD11 XE, Philips) machine and from standard
apical and parasternal views the following parameters were
measured:
a. Left ventricular ejection fraction (LVEF) was calculated
by modified Simpson method.
b. The LA diameter was measured from M mode echocar-
diography in parasternal view.
c. Assessment of LA volumes, the following volumes were
measured from apical 4 chamber views and indexed to
body surface area (BSA):
 Maximum LA volume index (LAVmax index): mea-
sured at the end of LV systole, just before the open-
ing of the mitral valve.
 Minimum LA volume index (LAVmin index): mea-
sured at the end of LV diastole, just after the clo-
sure of the mitral valve.
 LA reservoir volume index (LAVres index):
LAVmax-LAVmin.d. Pulsed wave Doppler mitral inflow velocities were
obtained from the apical 4-chamber view to measure
diastolic early filling velocity (E) wave and late diastolic
velocity (A) wave, E/A ratio, and the decoration time of
E wave.
e. Pulsed wave tissue Doppler imaging (PW-TDI) was
obtained after placement of the sample volume at the
level of the septal and lateral mitral annuli. From these
recordings, myocardial systolic (Sa), early diastolic (Ea),
late diastolic velocities (Aa), and E/Ea were measured
and averaged.
2.2.5. Left atrial strain and strain rate9–13
Evaluation of LA deformation parameters strain and strain
rate were carried out by color TDI using a frame rate of
160–200 MHz and three consecutive beats were recorded from
apical 4- and 2- chamber views. LA strain and strain rate were
measured offline from color tissue Doppler images of the LA.
A narrow (10  2 mm) sample volume was selected due to the
thin atrial walls. The sample volume was placed in three seg-
ments (basal, mid and apical segments in each of the four
walls: septal and lateral walls in the apical four chamber view,
inferior and anterior walls in the apical two chamber view);
three consecutive beats were averaged, the global longitudinal
strain and strain rate were calculated by averaging the twelve
segments; and the following parameters were measured from
strain and strain rate curves:
a. Peak systolic strain (PSS), and peak systolic strain rate
(PSSR) corresponded to LA reservoir phase.
Table 2 Myocardial infarction and coronary angiography
data of STEMI patients.
Killip classP 2 5(12.5)
Reperfusion strategy
– Thrombolytic (No) (%) 30(75)
o Successful thrombolysis (No) (%) 25(62.5)
o Failed thrombolysis (No) (%) 5(12.5)
– Primary PCI (No) (%) 10(25)
STEMI location by ECG:
– Anterior (No) (%) 14(35)
– Inferior (No) (%) 12(30)
– Lateral (No) (%) 9(22.5)
– Septal (No) (%) 5(12.5)
CK-MB (ng/ml) 124.1 ± 108.3
Troponin-I (ng/ml) 59.8 ± 38.2
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conduit phase.
c. Late diastolic strain rate (ASR) corresponded to LA
booster pump phase.
3. Statistical analysis
Statistical analyses were performed by using SPSS system for
Windows (version 20 Chicago, IL, USA), Qualitative variables
were presented as number and percentage, while quantitative
variables were expressed as mean ± standard deviation (SD).
To compare non-parametric abnormally distributed data, the
Mann–WhitneyU-test was used. Correlations between variables
were tested by using the Spearman’s correlation test. The results
were considered significant when the p value was less than 0.05.Coronary angiography (culprit vessel)
– LAD (No) (%) 19(47.5)
– LCX (No) (%) 10(25)
– RCA (No) (%) 11(27.5)
Medication at discharge
– Aspirin (No) (%) 40(100)
– Clopidogrel (No) (%) 40(100)
– Statins (No) (%) 40(100)
– ACEI (No) (%) 31(77.5)
– Beta blocker (No) (%) 34(85)
ACEI: angiotensin converting enzyme inhibitors, CK-MB: creatine
kinase, MB subunit, ECG: electrocardiography, LAD: left anterior
descending artery, LCX: left circumflex artery, PCI: Percutaneous
coronary interventions, RCA: right coronary artery, STEMI: ST
elevation myocardial infarction.4. Results
4.1. Baseline characteristics
The baseline and demographic characteristics of STEMI
patients in comparison with control are shown in Table 1,
and the myocardial infarction features and coronary angiogra-
phy data of STEMI patients are shown in Table 2.
4.2. Conventional echocardiography and tissue Doppler imaging
(TDI)
LVEF was significantly impaired in patient with STEMI com-
pared to controls, and the LA diameter and LA volumes
(LAVmax index, LAVmin index, and LAVres index) were sig-
nificantly increased in STEMI patients compared to controls.
The mitral E velocity, E/A, and the deceleration time of E
wave were significantly reduced while the mitral A velocity
was significantly increased in patient group compared to con-
trol group, and all the patients had diastolic dysfunction with
different degree (18 patients (45%) were of grade I, 16 patients
(40%) of grade II and 6 patients (15%) of grade III). TDI at
the mitral annulus showed that Sa, Ea velocities, and the Ea/
Aa ratio were significantly decreased while the Aa velocityTable 1 Comparison between patients and control regarding demo
Item Patients (No =
Age (years) (Mean ± SD) 54.78 ± 6.7
Gender (male) (No) (%) 37(92.5%)
Body mass index (kg/m2) 26.96 ± 2.05
Body surface area (m2) 1.91 ± 0.09
Family history of CAD (No) (%) 15(37.5)
Smoking (No)(%) 24(60)
Heart rate (bpm) (Mean ± SD) 72.38 ± 10.5
Systolic BP (mmHg) (Mean ± SD) 115.5 ± 11.4
Diastolic BP (mmHg) (Mean ± SD) 74.13 ± 7.8
Total cholesterol (mg/dl) (Mean ± SD) 174.7 ± 34.6
HDL cholesterol (mg/dl) (Mean ± SD) 35.63 ± 8.33
LDL cholesterol (mg/dl) (Mean ± SD) 109.0 ± 37.11
Triglycerides (mg/dl) (Mean ± SD) 132.4 ± 20.92
Urea (mg/dl) (Mean ± SD) 33.5 ± 5.3
Creatinine (mg/dl) (Mean ± SD) 0.75 ± 0.42
BP: blood pressure, HDL: High density lipoprotein cholesterol, LDL: Lowas insignificant in patients compared to controls, while the
E/Ea ratio was significantly increased in patient group com-
pared to control group as shown in Table 3.
4.3. Left atrial strain and strain rate
All the LA global longitudinal strain (%) and strain rate (S1)
parameters were significantly reduced in patient groupgraphic data.
40) Control (No = 20) P value
50.7 ± 7.4 0.064
18(90%) 0.455
26.58 ± 2.52 0.535
1.88 ± 0.12 0.273
7(35%) 0.232
11(55%) 0.123
70.78 ± 8.28 0.321
110.42 ± 8.32 0.281
71.32 ± 5.26 0.161
160.2 ± 38.6 0.062
33.3 ± 5.32 0.321
105.2 ± 33.3 0.422
122.4 ± 15.62 0.072
32.62 ± 6.32 0.632
0.65 ± 0.36 0.523
w density lipoprotein cholesterol.
Table 3 Comparison of conventional echocardiographic parameters of STEMI patients and control.
Item Patients (n= 40) Control (n= 20) p-value
LVEF (%) 45.8 ± 8.8 62.2 ± 4.8 0.0001*
LA diameter (cm) 4.11 ± 0.58 3.52 ± 0.44 0.0001*
LAVmax index (ml/m2) 30.15 ± 14.45 20.07 ± 9.04 0.006*
LAVmin index (ml/m2) 16.23 ± 9.56 7.75 ± 4.02 0.0001*
LAVres index (ml/m2) 16.56 ± 8.05 12.32 ± 6.12 0.043*
E wave (m/s) 0.66 ± 0.21 0.79 ± 0.11 0.014*
A wave (m/s) 0.72 ± 0.19 0.59 ± 0.09 0.006*
E/A ratio 0.91 ± 0.65 1.31 ± 0.33 0.035*
E deceleration time (msec) 152.5 ± 32.3 190.6 ± 35.2 p< 0.01*
Sa wave (m/s) 0.067 ± 0.015 0.098 ± 0.019 0.0001*
Ea wave (m/s) 0.069 ± 0.021 0.136 ± 0.042 0.0001*
Aa wave (m/s) 0.093 ± 0.02 0.095 ± 0.024 0.734
Ea/Aa ratio 0.78 ± 0.29 1.58 ± 0.76 0.0001*
E/Ea ratio 10.08 ± 4.32 6.26 ± 1.88 0.0001*
A: late diastolic velocity, Aa: late diastolic annular velocity, E: early diastolic velocity, Ea: early diastolic annular velocity, LA: left atrial,
LAVmax: Maximum left atrial volume, LAVmin: Minimum left atrial volume, LAV res: left atrial reservoir volume, LVEF: left ventricular
ejection fraction, Sa: systolic annular velocity, *Statistically significant.
Table 4 Comparison between patients and the control group regarding the global left atrial strain and strain rate measurements.
Measurements Patients (n= 40) Control (n= 20) p-value
Global PSS (%) 11.69 ± 4.25 22.43 ± 3.74 0.0001*
Global PSSR (S1) 1.04 ± 0.37 1.81 ± 0.28 0.0001*
Global ESR (S1) 0.84 ± 0.44 1.98 ± 0.60 0.0001*
Global ASR (S1) 1.43 ± 0.29 1.62 ± 0.37 0.034*
PSS: peak systolic strain, PSSR: peak systolic strain rate, ESR: early diastolic atrial strain rate, ASR: late diastolic atrial strain rate, *statistically
significant.
184 G. Magdy et al.compared to control group, the PSS (11.69 ± 4.25 vs 22.43
± 3.74, p= 0.0001), the PSSR (1.04 ± 0.37 vs 1.81 ± 0.28,
p= 0.0001), the ESR (0.84 ± 0.44 vs 1.98 ± 0.60,
p= 0.0001), and the ASR (1.43 ± 0.29 vs 1.62 ± 0.37,
p= 0.034) as shown in Table 4, and Fig. 1.
4.4. Correlation analysis
Regarding correlation, the LA global PSS had significant neg-
ative correlation to E/Ea ratio (r= 0.457, P= 0.0001) as
shown in Fig. 2a. And a significant positive correlation was
demonstrated between LA global PSS and LVEF (r= 0.338,
P= 0.033) as shown in Fig. 2b.5. Discussion
Myocardial ischemia causes inflammatory and neurohormonal
changes, along with increased platelet activation with
endothelial damage. All of these factors are associated with
LV diastolic dysfunction.14–17 Ischemic injury reduces LV
compliance, leading to increased LA pressure and progressive
dilatation of the LA to maintain LV filling.18 In our study we
found a significant increase in LA volumes in STEMI patients,
and numerous studies have demonstrated an association
between myocardial infarction and LA dilatation consequent
to impaired LV diastolic dysfunction.18–21 Additionally, LA
enlargement has been shown to be a powerful predictor of
adverse cardiovascular events in patients followingSTEMI.22,23 In a study by Beinart et al.21 clinical and echocar-
diographic parameters were prospectively collected in 395 con-
secutive patients with acute MI, and it concluded that in
patients with acute MI, increased LA volume, determined
within the first 48 h of admission, is an independent predictor
of five-year mortality with incremental prognostic information
to clinical and echocardiographic data, and also Dardas et al.24
demonstrated a significant relationship between LA function
and LV diastolic dysfunction following an anterior infarction,
with an associated increase in cardiovascular morbidity and
mortality. Increased LA static volumes may be the manifesta-
tion of LA remodeling which is the result of LV diastolic dys-
function due to MI. LA volume is an important marker of
diastolic dysfunction and LV filling pressure, and LV filling
pressure increases following acute MI, with increases in LA
wall tension and LA pressure. This is a compensatory mecha-
nism of the LA to overcome reduced compliance of the
LV.24,25
Regarding Doppler-based LA strain and strain rate imag-
ing, it is a quantitative technique that estimates myocardial
contractility relatively independent of changes in cardiac rota-
tional motion and tethering effects.9 LA function and volume
curves include three phases known as reservoir, conduit and
booster pump.26 LA systolic strain is closely related to the
LA reservoir function.27 The LA reservoir function is assessed
in two consecutive phases as early and late. While the early
reservoir function depends on LA relaxation, the late reservoir
function depends on LV contraction through the descent of the
base during systole.28,29 Therefore, both LA relaxation and LV
Figure 1 Left atrial strain (1a) and strain rate (1b) curves of the atrial septal wall in patient with myocardial infarction, the blue arrow
(peak systolic strain), yellow arrow (peak systolic strain rate), red arrow (early diastolic strain rate), and green arrow (late diastolic strain
rate).
Figure 2 Correlation of the global peak systolic strain (PSS) of left atrium to E/Ea ratio (2a) and LVEF (2b) in patients with myocardial
infarction.
Left atrial myocardial deformation characteristics 185systolic function might affect the LA reservoir function and so
LA peak systolic strain. Inaba et al.13 found that systolic strain
rate corresponded to reservoir function and early diastolic
strain rate corresponded to conduit function, while late dias-
tolic stain rate corresponded to booster pump function. Our
results showed a reduction in LA reservoir, conduit and con-
tractile functions of the left atrium as there was a significant
reduction in global PSS, PSSR, ESR, and ASR in STEMI
patients, and we found also that the global PSS in the studied
patients showed significant negative correlation to E/Ea ratio
and a significant positive correlation to LVEF; our results were
in agreement with many similar published results as in the
study of Yurdakul et al.2 LA volume measurements and the
velocity vector imaging (VVI) derived LA peak systolic strain
(S), strain rates (SRs), early diastolic (ESRd) and late diastolic
strain rate (LSRd) were measured. LV diastolic function was
analyzed by pulsed wave-Doppler and TDI. They found that
VVI-derived LA peak systolic S, SRs and ESRd were impaired
in the patient group while LA LSRd was similar between the
groups. Cameli et al.30 reported a good correlation between
the peak LA strain and PCWP in patients with advanced heartfailure, also Dogan et al.1 studied LA strain in ninety STEMI
patients who were treated with primary PCI and 22 healthy
control subjects. They found that mean LA systolic strain in
control group was significantly higher than in MI group, and
the LA systolic strain had significant positive correlation with
LVEF (r= 0.51, p= 0.001), also significant inverse correla-
tions between LA systolic-strain and E/Ea ratio (r= 0.30,
p= 0.001) which is totally in agreement with our results.6. Study limitations
One of the limitations in this study was the limited sample size,
and also the study was performed within 24 h of hospital
admission and after patients had received their reperfusion
strategy and not immediately on presentation but this was
for allowing patients to receive their reperfusion without any
delay; another limitation was that patients were not followed
prospectively to assess the prognostic impact of the decreased
LA deformation parameters and we recommend further stud-
ies to assess the prognosis.
186 G. Magdy et al.7. Conclusions
Our study demonstrated an increase in the LA volumes in
STEMI patients. The LA reservoir, conduit and booster pump
functions studied by TDI strain were reduced in STEMI
patients, and the global LA peak systolic strain was signifi-
cantly correlated with the LV systolic and diastolic
dysfunction.
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